The impact of the geometry on the gravitational force field and the impact of the mass beyond the test particle location were assessed in the rotation curve calculation of a hypothetical thin disk galaxy using Newtonian and Mondian dynamics. An effective equation for the characteristic acceleration of MOND was obtained based on the Mestel's finite disk by normalizing the line mass density to the total mass of the galaxy and equating it to the theoretical value.
Introduction
In 1933 ref. [1] concerning the red shift of extragalactic nebulae reported that the magnitude of the measured velocity dispersion of the Coma cluster implies much more mass than the mass estimated from the cluster luminosity-mass because the calculation of the velocity dispersion from the luminosity mass using the virial theorem yielded much lower velocity dispersion. He inferred, as one possibility, the presence of dark matter in greater amount than the luminous mass to explain the discrepancy. In 1937 ref. [2] provided more details.
In the 1970s the need for undetected additional mass in the outer part and well beyond the optical edge of the galaxy where the rotation curves showed an effective flat profile, started emerging ( [3] and references therein).
To explain the dark matter problem, many scientists were in the search for a particle or object that does not interact electromagnetically while it does gravitationally. Two efforts in this direction are: WIMP (weakly interacting massive particle: non-baryonic; it has not been detected) and MACHO (massive astro- the total needed dark matter in, for example, the Milky Way).
A modification of the Newtonian dynamic (MOND) was proposed in 1983 [4] [5] [6] , as an alternative to the search for WIMP and MACHO, in such a way that for very low acceleration regime an asymptotically flat rotation curve is obtained well outside the optical edge of spiral galaxies and for very high acceleration the Newtonian dynamics is recovered. MOND assumes the existence of a characteristic acceleration about 10 −10 ms −2 which is about 1/6 of the current acceleration of the universe. MOND predicted a Tully-Fisher relation (TFR) of the form 4 M V ∝ where M and V are the galaxy mass and the asymptotically flat circular velocity respectively.
In this work an equation is obtained that yields a value very close to the characteristic acceleration of MOND for disk galaxies, and the derivation is based on the use of a normalized-finite Mestel disk surface density using Newtonian dynamics.
Rotation Curve Modeling

Homogeneous Sphere and Disk: Newtonian and Mondian Model
MOND described as a modification of the Newton's 2 nd law can be written as [4] : In this work the simple interpolating function ( ) [7] is used, it can be written as
Substituting Equation (2) into Equation (1) 
G : Newton gravitational constant. Figure 1 shows the results of the calculation using Equation ( 
was used in Equation (3b) i.e.
M : Total mass of the galaxy assumed to be concentrated at its center. Note from Figure 1 that at the edge of the galaxy, the disk yields the same speed as the sphere does because the impact of the geometry on the force field is neglected (later this impact will be considered). It can be seen that MOND in addition to yields an asymptotic flat rotational curve with circular speed significantly larger than the Keplerian model, it also raises the velocity profile in the interior of the galaxy which is consistent with the alternative need for dark matter inside the galaxy to explain experimental results (see [7] [8] for the case of the Milky Way). Note also that as should be expected, the Newton theorem regarding the validity of modeling a homogeneous sphere as a point mass for locations outside the sphere is verified even for the Sphere-MOND model. Figure   1 , the disk (even without the MOND effect) yields significantly higher speed than what the sphere does, this is consistent with similar remarks previously made e.g. [8] and [10] where a geometrical impact on the field force was assessed.
To illustrate only the impact of the geometry on the force field, the mass beyond the location of the test particle was ignore in ( ) f r and the results are shown in Figure 3 . It can be seen that the impact is to raise significantly the speed of the disk model (with respect to the sphere model) monotonously from the interior toward the edge of the galaxy and to break the linear behavior of the speed profile of the sphere. The linear behavior is restored if the mass beyond the test particle is considered (Figure 2 ). Note also that the shapes of the Disk models are very different with respect the results shown in Figure 2 (concave vs. convex).
The fact that Equation (3c) yields the same asymptotic circular speed that the Disk-MOND model does, implies that the value of the asymptotic speed is independent of the details of the geometry and mass distribution inside the galaxy in 
Freeman and Mestel Disk
For the exponential models of Figure 4 , it was used a surface mass density of the The mass beyond the location of the test particle is neglected. It could be worthy to accurately determine 2 g M R for all known isolated galaxies.
Note that from Equation (4c)
which is a rough estimate of the effective radius of a near-isothermal system indicated in [14] . Note that even though Equation (4c) depends linearly on M it also depends on 2 g R , the ratio of the two does not change significantly compared to the change of the galaxy mass alone. Note that the derivation to obtain Equation (4c) does not provide an explanation of the MOND acceleration but the numerical coincidence of that equation with the characteristic acceleration could point towards a theory containing Equation (4c).
It is notified that if the Newtonian balance equation described in [15] for a thin disk is discretized to the following dimensional form: 
Additional Remarks
Considering all figures it is realized the need for accurate modeling to predict and/or fit experimental data. Neglecting the geometry impact on the force field and/or the mass beyond the location of the test particle could confirm or falsify a Newtonian dynamics unless the existence of dark matter is assumed and/or other non-gravitational processes are present. Because none of these possibilities have been directly verified, the alternative option of a modification of the Newton law of gravitation and/or Newton 2 nd law should not be ruled out. It is however very curious that Equation (4c) yields acceleration values remarkably close to MOND's 0 a using Newtonian dynamics. It is puzzling that in [17] the mass distribution of the NGC 4736 galaxy was assessed using a thin disk model (covering remote parts of the galaxy) without the need for dark matter or modified dynamics but note from figures above that about twice the radius of the galaxy the velocity is still declining.
Summary
The impact of the geometry on the gravitational force field and the impact of the mass beyond the test particle location were assessed in the rotation curve calculation of a hypothetical thin disk galaxy using Newtonian and Mondian dynamics.
Based on the results of the normalized-truncated exponential surface mass density model it is suggested that the Newton theorem related with the equivalence of modeling a homogeneous sphere as a point mass just after the edge of the galaxy, perhaps could be extended to some non-spherical systems by fine tuning α .
An effective equation for the characteristic acceleration of MOND for disk galaxies was derived from the Mestel's finite razor thin disk model by normalizing the line mass density to the mass of the galaxy and equating it to the theoretical value.
It was illustrated the need for an accurate modeling to predict and/or fit experimental data.
